The site of inhibition of cotton-seed germination by lucerne saponins seems to be associated with tissues other than the embryo. The rate of water uptake during imbibition was similar for intact seeds immersed in water and for those in 0-5 per cent saponin solution. Seeds previously immersed in saponin solution showed a lower rate of respiration, absorbing about 60 per cent less oxygen than those pre-immersed in water. Yet the respiration rate of excised embryos from both treatments was the same. The extent of the inhibition of germination was not affected when oxygen was either bubbled through the saponin-eontaining immersionsolution or passed through the flasks in which the seeds were germinated after 24 h of pre-immersion.
INTRODUCTION
The inhibitory effect of saponins, extracted from lucerne {Medicago saliva L.), on the germination of cotton seeds (Gossypium hirsutum L.) was demonstrated by Mishustin and Naumova (1955) , Pedersen (1965) , and Shany, Birk, Gestetner, and Bondi (1970) . Recently it has been reported that embryos excised from cotton seeds, which had been pre-immersed in lucerne saponin solutions, did not contain detectable saponins (Marchaim, Birk, Dovrat, and Berman, 1970) . Moreover, embryos pre-immersed in 0-5 per cent aqueous solution of saponins extracted from lucerne roots (SEr) and embryos which were excised from intact seeds preimmersed in 0-5 per cent SEr germinated as well as embryos pre-immersed in water. It was concluded that the saponins inhibit germination by a process associated with the seed coat or the membrane.
Considerable progress has been made towards the elucidation of the role of the seed coat in germination (Barton, 1965) . In seeds which remain dormant under environmental conditions favourable for germination, dormancy can be imposed by a chemical effect such as the presence of growth-inhibiting substances within the embryo or the seed coat (Mayer and Poljakoff-Ma3'ber, 1963 ; Wareing and Foda, 1957; Edwards, 1968a Edwards, , 19686, 1969 Come, 1968) . On the other hand, the inhibiting effect may be due to physical factors such as mechanical resistance to embryo growth (Barton, 1965) or impermeability to water (Hyde, 1954; Barton, 1965) or to gases, particularly to oxygen (Crocker, 1906 (Crocker, , 1948 Shull, 1914; Brown, 1940) . The best-known example in which the seed coat is permeable to water but prevents germination by interfering with gas exchange is that of Xanthium (Wareing and Foda, 1957) . The seed coats of Cucurbita Pepo show a resistance to the passage of oxygen to the embryo as indicated by rate of diffusion measurement (Brown, 1940) .
The present paper reports the results of experiments to determine whether and to what extent the inhibitory effect of lucerne saponins results from the prevention of oxygen diffusion through the cotton seed coat and membrane.
METHODS

Germination tests
These were performed as described by Marchaim et al. (1970) with aqueous solutions of lucerne saponins extracted from roots (SEr). The preparation of lucerne saponins extracts was done according to the second method of Shany et al. (1970) . Acid-delinted cotton seeds, Acala 4-42 cv. (obtained from Hazera Seed Co., Israel) were used throughout. A 'germinated seed' was denned as one whose radicle protruded at least 4 mm.
Measurements of water uptake
Estimates of water uptake were obtained from measurements of increase in fresh weight. Batches of 10 air-dried seeds, each batch weighing l'255i0005 g were enveloped in a gauze and immersed in distilled water or in 0-5 per cent SEr. The batches (three replications for each treatment) were removed from the solutions following various periods of immersion, and the seeds were weighed after having been surface-dried between folds of filter-paper.
Measurements of oxygen uptake
Oxygen uptake of seeds and of their excised embryos was measured in a Gilson Differential Respirometer, Model G 14. Seeds after 24 h of pre-immersion in water or in 0-5 per cent SEr were thoroughly rinsed with water and placed in. a 15-ml flask. Each flask contained 10 seeds on two layers of Whatman No. 1 filter-paper saturated with water (0-5 ml). The centre well of each flask was given 0-4 ml of 20 per cent KOH and the side arm 0-1 ml, for the absorption of CO 2 . A folded piece of filter-paper was placed in each well to increase the effective surface for CO, absorption. Manometric measurements were taken during 1 h at 20-min intervals to check constancy of rate. Air was then allowed to enter the system for a period of 10 min and the measurements were continued for an additional hour. After measuring oxygen uptake of the intact seeds, their seed coats were removed and the above measurements were continued with the excised embryos for an additional 2 h.
Germination in an oxygen atmosphere
Seeds were pre-immersed for 12 h in 0-5 per cent SEr. They were thoroughly rinsed with water and placed on two layers of Whatman No. 1 filter-paper saturated with water (about 3 ml) at the bottom of 250-ml Erlenmeyer flasks, 15 seeds in each flask. Germination was carried out in a germinator at 25^2 °C. Water-saturated oxygen or air was passed through the flasks at a constant rate of 100 ml min" 1 . The number of germinated seeds was counted after 4 days.
Permeability measurements
Diffusion of oxygen through the seed coats or the membranes of cotton seeds was measured with an apparatus which had been developed for this purpose and is shown in Fig. 1 .
The apparatus consisted of the following main parts: (A) a temperature-controlled vessel containing oxygen, equipped with a magnet for stirring; (B) a double-ground glass joint on which the tissue is placed (Come, 1967) ; (C) a ground-glass joint designed to accommodate the oxygen electrode (Yellow Spring Instrument Co., U.S.A., Model 5101). The sequence of operations was as follows : Vessel A was filled with oxygen at atmospheric pressure. The tissue (either seed coat or membrane) from pre-immersed seeds was placed on B and attached to the glass with silicon grease to check sealing. Parts A, B, and C were then assembled. After the valve between A and B had been opened the continuously stirred oxygen in A diffused through the tissue into C (which contained air) and the oxygen concentration in C was recorded with the aid of the oxygen electrode. 
RESULTS
Seeds were pre-immersed in SEr solution for 24 h and then submitted to germination in Petri-dishes. At different time intervals four Petri-dishes were removed from the germinator and the seed coats of the seeds that failed to germinate were removed. The excised embryos were submitted again to germination for 4 days and germination was recorded. The results of these experiments (Fig. 2) show that their ability to germinate was dependent on the period of time that they were enclosed in the seed coats. Fifty per cent of the embryos retained their ability to germinate when enclosed for 24 h in the seed coats whereas after 40 h or more the germination ability of the embryos dropped to 20 per cent or less. It seems, therefore, that SEr exerts its influence on germination of cotton seeds by interfering with processes associated primarily with the seed coat and/or the seed membrane. This effect was not related to the capability of the seed to absorb water, since seeds pre-immersed in water or 0-5 per cent SEr showed a similar rate of imbibition (Fig. 3) . A similar trend was noted for separated embryos, radicles, and cotyledons.
Marchaim, Birlc, Dovrat, and Berman
The hypothesis that the presence of saponins introduces a physical barrier to the diffusion of oxygen through the seed coat or the membrane was examined by respiration measurements. It was found that cotton seeds after 24 h of preimmersion in 0-5 per cent SEr absorbed approximately 60 per cent less oxygen than seeds pre-immersed in water; however, the excised embryos from these seeds absorbed oxygen to the same extent (Table 1) . No significant change in the final percentage of germination occurred when oxygen was bubbled through the immersion solution. There was only a small increase in the germination of SEr-treated seeds when O 2 was substituted for air as the gas passing through the flasks during the germination period (Table 2) .
To examine the extent to which oxygen diffusion through the seed coat and through the membrane enveloping the embryo was impaired, we used parts of the seed coat or the membrane as the partition between oxygen and air in the apparatus shown in Fig. 1 . It was found that the diffusion of O 2 through the chalazal regions of the seed coats and the membranes of seeds pre-immersed in 0-5 per cent SEr was either slowed down or prevented, as shown in a typical experiment (Fig. 4) . It should be noted that the surface area dissected from the chalazal region of the rigid and ellipsoid seed coat was much greater than that of the pliable and flattened membrane. Therefore the data from O 2 diffusion experiments can be compared only between treatments and not between tissues. 
DISCUSSION
It was previously shown (Marchaim et al., 1970) that the inhibitory effect of lucerne saponins on the germination of cotton seeds is primarily associated with the seed coat and the membrane. It has been assumed that the failure of the seeds to germinate in the presence of saponin, under conditions otherwise favourable for germination, is due to disturbances affecting the seed coats. This assumption was supported by the fact that half the embryos, which were enclosed for 24 h in thenseed coats (following 24 h of pre-immersion in SEr solution), retained their ability to germinate (Fig. 2) . The similarity in the initial rapid increase in fresh weight (Fig. 3 ) of intact seeds pre-immersed in water or in 0-5 per cent SEr showed that the tissues enclosing the embryo, whether submitted or not to saponin treatment, were equally permeable to water. This led to the assumption that the seed coats of SErtreated seeds operated as a barrier for the oxygen supply to the embryo. Indeed SEr-treated intact seeds respirated 60 per cent less than seeds pre-immersed in water (Table 1) , whereas embryos of intact seeds pre-immersed in SEr respirated to the same extent as embryos excised from seeds pre-immersed in water. From these data it has been concluded that the interaction of saponins with the seed coats results in a reduction of the oxygen supply to the embryos without affecting the respiratory ability of the embryos themselves.
The direct evidence that the inhibitory effect is due to prevention of oxygen diffusion to the embryos through the seed coats and the membranes came from measurements with an oxygen electrode which showed that considerable reduction of the diffusion of oxygen both through the seed coat and through the membrane was found in seeds pre-immersed in SEr as compared with seeds pre-immersed in water (Fig. 4) . Supporting evidence was the finding that the germination of saponin-treated seeds was not improved when placed under high partial pressure of oxygen (Table 2) . Similar findings on prevention of germination as a result of interference with gas exchange through seed coats, which were fully permeable to water, were reported for seeds of Xanthium (Wareing and Foda, 1957) , charlock (Edwards, 1968a) , and apple (Come, 1968) .
In order to understand the impermeability of saponin-treated seed coats and/or membranes to oxygen, we must consider the properties of the tissues involved. The anatomical structure of the cotton seed in relation to germination was studied by Reeves and Valle (1932) and by Simpson, Adams, and Stone (1940) . They reported that the mature cotton seed embryo is enclosed in a membrane which is enveloped by a semi-hard seed coat. The membrane is attached to the seed coat only at the base of the chalazal cap. The membrane envelops the embryo completely whereas the continuity of the seed coat is interrupted by the micropyle. Simpson et al. (1940) , Christiansen and Moore (1959) , and other investigators reported that the primary portal of water entry is the chalazal aperture. Since oxygen is supplied to the embryo in solution it can be assumed that the structure of the chalazal region controls oxygen entry. Changes in the structure of the micropyle and chalazal regions, following the treatment with the water-soluble saponins, possibly effects the gas exchange. Brown (1940) found that although the seed coat of Cucurbita Pepo is much less permeable to gases than the membrane, the latter controls the gas exchange since the seed coat is perforated by the micropyle. Therefore it may be assumed that saponins primarily affect the permeability of the membrane to oxygen during the 'germination' of cotton seeds.
As to the mode of action of saponins, they are surface-active glycosides with hydrophobic as well as hydrophilic properties (Birk, 1969) ; as such they may act on various natural membranes by changing their microstructure. Thus the well-known haemolytic properties of saponins have been attributed to chemical interaction of the saponins with the cell-membrane cholesterol, resulting in an increased permeability (Bangham and Home, 1962; Glauert, Dingle, and Lucy, 1962) . The inhibitory effect of lucerne saponins on cotton seed germination may result from changes in the permeability of the membrane especially in the chalazal region.
